nosis. The pathogenesis of MDS is still unclear. It has been for identification of apoptosis, we analyzed the incidence of found that oncogene dysregulation is the basis of the disease. and two (6.8%) had refractory anemia with excess of blasts
mechanism responsible has not been explained yet. It has blasts, 14 (46.6%) had refractory anemia with excess of blasts been hypothesized that the mechanism of apoptosis may be and two (6.8%) had refractory anemia with excess of blasts in responsible for the ineffective hematopoiesis in MDS. 4 
transformation. Three patients (10%) had chronic myelomono-
In this study we analyzed bone marrow samples of 30 cytic leukemia. Cells in apoptosis were examined on semithin patients with MDS in order to evaluate the incidence of slides and expressed as the apoptotic index (AI) (percent counpremature apoptosis, as the morphological equivalent of 'inefted on at least 1000 cells). An overall increase in apoptosis in patients with MDS was found (median AI in patients vs controls, fective hematopoiesis'.
3.13% vs 1.05%, P Ͻ 0.01 by Mann-Whitney U test). Also, negative correlation between AI and white blood cell count was found (linear r = −0.53, or Spearman rank R = −0.52, both and two (6.8%) had refractory anemia with excess of blasts Keywords: apoptosis; myelodysplastic syndrome; incidence; morin transformation (RAEB-t). Three patients (10%) had chronic phology; ultrastructure myelomonocytic leukemia (CMML). Twelve healthy individuals constituted the control group. There were no statistically significant differences between these two groups concerning Introduction age and sex. Cytogenetic analysis has been performed by the use of HG bands. 6 Apoptosis or 'preprogrammed cell death' is a normal mechTo avoid decalcination and cell deformation during the anism responsible for cell and tissue homeostasis. It has very preparation process, we applied a modified technique for use specific molecular changes and morphological patterns and of bone marrow particles. Spicules of bone marrow were fixed affects single or small groups of cells. At the molecular level immediately in 2.5% glutaraldehyde in sodium cacodylate there is an activation of endonuclease(s) which cleaves DNA buffer solution (pH 7.4) for at least 4 h at 4°C. Then the parinto oligonucleosomal fragments followed by activation of ticles were postfixed in osmium tetroxide and treated by alcoother cellular systems. Those early changes lead to chromatin hol and propylene oxide according to standard procedures in condensation into one or several masses, often showing typielectron microscopy. 7 Particles were embedded in Araldite at cal 'cresent'-like shape or nuclear fragments. The cell shrinks 50°C for 48 h. Then they were processed for semithin and with cytoplasm 'blebbing' and subsequently breaks into memultrathin sections. Semithin sections were stained with Tolbrane-bound fragments called 'apoptotic bodies'. 1 uidine Blue and evaluated by light microscopy. Ultrathin secIt is known that the process of apoptosis is regulated by tions were contrasted with uranyl acetate and lead citrate and many different factors influencing many cellular pathways. It analyzed by transmission electron microscopy on a microhas been shown that decrease or absence of growth factors scope (EM300 Phillips, The Netherlands). Cells in morphologimay lead to apoptosis as well as the action of some toxic comcally evident apoptosis were counted on semithin sections pounds or cytokines (cytotoxic drugs, TNF␣ or TGF␤).
Patients and methods

P
2 Overand expressed as the apoptotic index (AI) (percent counted on expression or dysregulation of some (anti)oncogenes (bclat least 1000 cells) at a magnification of × 1000. 2, c-myc, ras family, p53, and many others) can promote or Statistical analysis was performed by application of methods suppress apoptosis and thus may have a crucial role in neoof nonparametric statistics (Mann-Whitney U test, Spearman plasia.
ies. The morphological appearance of apoptosis is presented 3.13% vs 1.05%, P Ͻ 0.01 by Mann-Whitney U test) as shown in Figure 2 . Patients with RAEB-t and CMML had lower in Figure 1 (a-d) . We also observed some groups of cells undergoing apoptosis in the bone marrow of patients with AI (median 2.04% and 1.87%, respectively) than patients with RAEB (3.85%). Comparing AI in patients with early MDS (RA MDS.
We found an overall increase in apoptosis in the bone marand RARS, median 2.40%) and patients with advanced disease (RAEB, 3.85% or RAEB+RAEB-t, 3.16%, by Mannrow of patients with MDS (median AI in patients vs controls,
Figure 1
Bone marrow cells undergoing apoptosis (arrows) in myeloid (a, b, d) and erythroid (c) lineage. Semithin sections (a, b) (toluidine blue, original magnification × 400). Electron microphotographs (c, d) (uranyl acetate and lead citrate original magnification × 8000 and × 4500).
undergoing apoptosis (more than 70% of cells in most cases), as well as apoptosis in stromal cells, but with different methodology applied. They used an in situ labeling technique (ISEL) which can identify very early changes at the DNA level. Besides, the in situ end-labeling method may not be specific for apoptosis and the results must be interpreted with caution. From that point of view, it would be important to see how many ISEL-positive cells, or 'preapoptotic' cells with DNA strand breaks subsequently die by apoptosis. 10 In contrast, our morphological approach (light and electron microscopy) can reveal only late stages of apoptosis. Also, our modified cytological and histological technique has led to small numbers of stromal cells suitable for analysis. Nevertheless, we believe that our results, as well as other reports, [8] [9] [10] [11] [12] strongly support the hypothesis that apoptosis is a mechanism responsible for morphological equivalent thereof. What are the mechanisms possibly responsible for the premature apoptosis? We can make some assumptions, but Whitney U test, we found statistically significant differences, the correct answer must await further investigations. It is P Ͻ 0.01 and P Ͻ 0.05, respectively.
known that hematopoietic cells as well as stromal cells in Correlation analysis showed significant negative correlation myelodysplastic syndrome can arise from a pluripotent stem between AI and white blood cell counts (linear r = −0.53, or cell. 13 In vitro investigations have revealed multiple defects in Spearman rank R = −0.52, both P Ͻ 0.01) (Figure 3 ). However, growth and differentiation, and also in regulatory pathways there was no correlation between hemoglobin level, platelet in MDS such as changes in ratio between clusters/colonies, count and AI.
diminished production of hematopoietic growth factors by Analyzing AI according to the presence or absence of cytostromal and other cells in hematopoietic microenvironment, genetic aberrations, we found that AI was higher in the bone and by blood cells themselves. [14] [15] [16] [17] [18] Also, the existence of a marrow of patients with evident karyotype changes than in determined apoptotic system FAS/APO-1, 2 the effector pathpatients with cytogenetically normal karyotype (median way for TNF␣, and elevated levels of TNF␣ in MDS 18,19 may 3.52% vs 2.76%) but without statistical significance have a certain role in increased apoptosis in MDS since there (P Ͼ 0.05), suggesting that some molecular genetic alterations is evidence that application of growth factors in vitro and in and mechanisms of apoptosis are present even in 'normal' vivo may elevate levels of TNF␣, leading to profound pancytokaryotype clone.
penia. 19, 20 These data may lead to a paradigm shift in our understanding of the pathobiology of myelodysplastic syndrome as well as in finding new treatment modalities. 21 We Discussion also believe that our evidence of groups (clusters) of apoptotic cells belonging to both erythroid and myeloid series may We found a significant increase in morphologically evident further support the hypothesis suggesting the underlying disapoptosis in the bone marrow of patients with MDS compared turbance of the hematopoietic microenvironment and cytoto normal bone marrow. Apoptosis was identified predomikine network.
22
nantly in erythroid and myeloid cells, but not in several stromal cells observed. We also found an increase of apoptosis predominantly in patients with RAEB. Also, groups (clusters) of cells in apoptosis were observed. Our results are very simi
